We examine the interpretation of the light scalar meson nonet as bound states of the scalar diquark and the scalar antidiquark using the QCD sum rule approach. Our results are obtained by means of the operator product expansion (OPE) including operators up to dimension 8. They show no evidence of the coupling of the tetraquark states to the light scalar meson nonet.
Introduction
The quasi-bound scalar diquark is one of the main candidates as a building block of stable multiquark systems [1] . Both, perturbative one-gluon exchange [2] and non-perturbative instanton dynamics [3] favor the existence of such clusters inside conventional and exotic hadrons. Maiani et al [4] associate the unusual properties of the light scalar nonet of mesons σ(600), κ(800), f 0 (980) and a 0 (980) to their structure as bound states of diquark and antidiquark.
It is important to obtain a justification for such tetraquark picture from QCD. Recently, the QCD sum rule techniques [5] were used in papers by Brito et al [6] and Wang et al [7] to calculate the decays and masses of the members of the light scalar meson nonet in a tetraquark picture. Their calculation took only into account the contributions from operators up to dimension d = 6 in the OPE. In [8] it was shown that, for multiquark systems, potentially important contributions to the QCD sum rules may arise from the operators of higher dimension d > 6 and, if not considered, wrong conclusions about the properties of the exotic hadrons might be drawn.
In this Letter we apply the QCD sum rules (SR) technique to the light scalar meson nonet described as systems composed of the scalar diquark and the scalar antidiquark as done in [6] . Using the factorization hypothesis for calculating the OPE, we show that the contribution from the operators of dimension 8 is dominant and leads to the destruction of SR. We find no evidence for the coupling of the above structure of diquarks to the light scalar meson nonet within the QCD SR approach.
QCD sum rules for scalar nonet
In the picture of the tetraquark states, the light scalar nonet is generated by the diquark in the3 f and the antidiquark in the 3 f , where the subscript f stands for flavor. The diquark and the antidiquark are assumed to belong to3 c , 3 c in color space and to spin zero state. Their conventional wave functions in flavor space are given by
where the square bracket represents the normalized antisymmetric diquark (antidiquark) state [1] . From this structure, the interpolating current for the scalar nonet in Eq. (1) can be written as
whereΓ = γ 0 Γ † γ 0 and N S is the normalization constant. Here the indices a, b, c, · · · denote color and the subscripts 1, 2, 3, 4 are introduced for flavor. The index S labels each meson in the scalar nonet. ǫ abc and ǫ ade guarantee that the diquark and the antidiquark belong to3 c and 3 c , respectively. The antisymmetric structure of the nonet in both flavor and color space requires that the spin matrix Γ must have the following property
under the transpose of the spin indices. Here we take Γ = Cγ 5 in order to consider the scalar diquark-antidiquark system. The interpolating currents for each meson in the nonet read
where M is the Borel mass. The decay constant and the mass of the mesons of the scalar nonet are defined by 0|J
The contribution from the continuum is encoded in the functions E n (M), W n (M), and W n (M) [8] defined by
where s 0 is the threshold of the continuum and ψ(n)
3. κ :
Before finishing this section let us comment on the possible deviation of the numerical values of the condensates of dimension 6 and 8 from their factorization values. This issue was discussed in recent papers [9, 10] using the OPE expansion for the V − A correlator and data from hadronic τ decays. It has been emphasized in [10] that for the V − A correlator "due to alternative signs of the condensate contribution in the OPE and to the fact that in most methods the high-dimension condensate contributions are corrections to the lowest dimension condensates in the analysis, the approaches for extracting these high-dimension condensates can become inaccurate". We point out that the color and Dirac structure of our condensates of dimension 6 and 8 are different from the analysis of the OPE of the V − A correlator so that it is difficult to use directly their results in our case. But even if we accept that the ratios of violations of the factorization hypothesis in our case for the condensates of dimension 6 and 8 are similar to those presented in [10] , our final conclusion will not change due to the dominant contribution from the condensate of dimension 8 to the sum rules.
Numerical results
For the numerical analysis, we use the following values of the parameters [6] m s = 0.13GeV, ūu = −(0.23) 3 GeV 3 , f s = ss ūu = 0.8,
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Conclusion
Our main conclusion is that we do not find a justification for the interpretation of the light mesons in the scalar nonet as the scalar diquark-antidiquark bound states within the QCD sum rule approach. We have demonstrated that the contribution of the operators of dimension 8 with the factorization hypothesis is very large and leads to the disappearance of the coupling of the tetraquark states to the light scalar meson nonet. Of course, this conclusion might change if another type of interpolating currents is considered. The investigation of the properties of tetraquark states within the QCD sum rule approach with other interpolating diquark currents, e.g., the pseudoscalar diquark, the vector diquark, or with some mixture ofconfigurations, is in progress [11] .
